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Decomposition of leaves of Bruguiera gymnorrhiza (L.) Lam. 
was studied over a period of 96 days under controlled 
conditions of temperature (16° and 24°C) and salinity (00/00, 
15°/00 and 300/00). During the experimental period leaves at 
24 oc and 0°/00 showed the greatest loss of dry matter, while 
the slowest decrease was recorded at 16°C and 30°/00 . 
Nitrogen content of decomposing leaves increased during 
the experiment , while phosphorus and potassium contents 
showed a steady decrease. The phosphorus content of the 
water revealed an initial decrease, attributed to microbial 
activity, followed by a steady increase. Dissolved oxygen 
content of the water decreased to a constant low level, 
while pH values fell initially and then increased again. The 
rate of decomposition in this laboratory study was slower 
than values obtained in field studies where physical 
breakdown occurs in addition to microbial action. 
S. Afr. J. Bot. 1986, 52: 39-42 
Ontbinding van blare van Bruguiera gymnorrhiza (L.) Lam. is 
oor 'n tydperk van 96 dae onder gekontroleerde toestande 
van temperatuur (16° en 24°C) en soutinhoud (0°/00, 15 °/00en 
30°/00) bestudeer. Gedurende die eksperimentele periode het 
blare wat aan 24 oc en 0°/00 blootgestel is die grootste 
verlies aan droe materiaal getoon, terwyl die stadigste 
afname voorgekom het by 16°C en 300/00 • Die stikstofinhoud 
van ontbindende blare het gedurende die proeftydperk 
toegeneem, terwyl die fosfor· en kaliuminhoud 'n egalige 
afname getoon het. 'n Aanvanklike afname in die fosfor-
inhoud van die water, moontlik as gevolg van mikrobiese 
werking, is gevolg deur 'n periode van egalige toename. Die 
opgelostesuurstof-inhoud van die water het afgeneem tot 'n 
konstante lae vlak, terwyl pH-waardes aanvanklik gedaal het 
en later weer toegeneem het. Ontbindingsnelheid in hierdie 
laboratoriumstudie was laer as die waardes verkry uit 
veldstudies waar fisiese afbreking saam met mikrobiese 
werking plaasvind. 
S.-Afr. Tydskr. Plantk. 1986, 52: 39-42 
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Introduction 
Litter studies along the Mgeni River (Steinke & Charles 1984) 
have revealed that the mangroves A vicennia marina (Forsk.) 
Vierh. and Bruguiera gymnorrhiza (L.) Lam. contribute a 
significant amount of organic matter to the estuary annually. 
As leaves comprise more than 600Jo of the annual litter yield, 
clearly it was important, for a greater understanding of 
nutrient cycling in an estuary, to investigate the decomposition 
of that component. A preliminary study of the rate of 
degradation of mangrove leaves and stems has been conducted 
previously in the field (Steinke, Naidoo & Charles 1983). 
However, in view of the disadvantages inherent in field studies 
of that nature, it was decided to conduct an in vitro study 
of decomposition of leaves of B. gymnorrhiza, one of the 
two common mangroves in that estuary. The objects were 
to provide continual monitoring of the effects of temperature 
and salinity on decomposition over a period of approximately 
three months and to obtain comparative information on the 
rate of decomposition under controlled and field conditions. 
Materials and Methods 
Yellow, senescent leaves of B. gymnorrhiza of which 
abscission was judged to be imminent, were picked from trees 
in the mangrove communities of the Beachwood Nature 
Reserve at the mouth of the Mgeni River. Within an hour 
of picking, the material was transported to the laboratory 
where the leaves were sorted into groups of equal number 
(six) which were weighed to equal weight. Samples of leaves 
for dry-weight determinations were weighed, dried in a forced-
draught oven at 70°C, and then reweighed. Each weighed 
group of six undried leaves was placed in a 1 I Erlenmeyer 
flask containing 1 000 ml of water without prior washing of 
the leaves, as the attached biota were assumed to be an integral 
part of the mangrove leaf litter. As a microbial inoculum 
20 ml of a substrate- water mixture from mangrove sediments 
at Beachwood was also added. The flasks were sealed with 
paraftlm which allowed anoxia to develop as decomposition 
proceeded. 
Treatments involved two temperature regimes and three 
salinities in a modified randomized blocks design with three 
replications. The water in the flask was tap water (O%o) or 
seawater adjusted with tap water to 15%o or 30%0 , while all 
flasks were subjected to a temperature of either 16°C 
(± O,SOC) or 24°C (± 0,5°C) in growth cabinets in the dark. 
The two temperature treatments represent the approximate 
mean air temperature for the coolest and warmest months 
of the year respectively. 
Three flasks were sampled at random from each of the six 
40 
treatments after 4,8, 12, 25, 48, 71 and% days of decomposi-
tion. At each harvest leaves were removed from the flasks 
and washed on a 30-mesh sieve using only a gentle stream 
of water to prevent damage to the material as far as possible. 
The material was then oven-dried for a week at 70°C and 
weighed. Milling of the dried material was carried out on a 
Casella mill to pass a 1 mm mesh sieve. 
Leaf and water samples from each harvest were analysed 
for nitrogen, phosphorus and potassium according to the 
methods l!Sed by Steinke, Naidoo & Charles (1983). In 
addition dissolved oxygen and pH were determined on a water 
sample from each flask using a Rank oxygen electrode and 
Beckman pH meter . 
Results 
Although there were six treatments in this study, in the 
interests of clarity only two treatments, viz. 24°C/O%o and 
16°C/30%0 , have been reflected in the figures. These 
treatments were chosen because they consistently yielded 
results at the two extremes. 
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Figure 1 Dry matter losses during decomposition . 
Decomposition of leaves (Figure 1), as indicated by dry 
matter decreases, proceeded more rapidly at high temperature 
in fresh water than at low temperature in high salinity. An 
analysis of variance of the final dry mass of all treatments 
(Table 1) revealed that both temperature and salinity were 
important determinants of the rate of decomposition. At the 
higher temperature decomposition was more rapid at salinities 
of 0%0 and 15%0 (which were themselves not significantly 
different) than at 30%0 • At 16°C there was no significant 
difference between 30%0 and 15%0 or between 15%o and 
0%0 , although at both temperatures decomposition was slower 
at 30°/oo than at 0°/oo• 
Table 1 Mean final dry mass (g) 
of Bruguiera gymnorrhiza leaf 
material after decomposition at dif-
ferent temperatures and salinities 
(mean initial dry mass 3,58 g) 
Temperature 
Salinity (U?oo) 16°C 24°C 
0 2,83 2,32 
15 3,13 2,49 
30 3,25 2,90 
LSD: (5%) 0,37 
(I%) 0,52 
No nitrogen was detected in the water. The nitrogen per-
centage of decomposing plant material at 24 °C/O%o showed 
a rapid initial increase to a maximum after which the level 
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4 812 2 5 48 71 96 
Days 
Figure 2 Increase in nitrogen percentages of leaves during 
decomposition. 
appeared to remain constant (Figure 2). At 16°C/30%o there 
was a slower increase with a tendency for the curve to level 
off towards the end of the experiment. 
All phosphorus analyses of the water column revealed an 
initial decrease before the steady increases which followed 
(Figure 3). Once again, 16°C/30%o gave the slowest 
increments, while 24 °C/O%oshowed the most rapid addition 
to the water column. The phosphorus content of the leaves 
showed a steady decrease which complemented the increase 
in the water column (Figure 4). 
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Figure 3 Phosphorus contents of the water column during 
decomposition. 
,45 
·~. 
,10 
,05.L,..,~~--~--~----..;.. 
4 a 12 25 48 11 96 
Days 
Figure 4 Decrease 
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Figure 5 Decrease 
decomposition. 
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Potassium analyses of the water are not included because 
water at the different salinities had different levels of this 
element. The potassium content of the leaves showed a more 
rapid initial decrease than did the phosphorus content (Figure 5). 
Dissolved oxygen content of the water revealed a sharp 
decrease after which the values remained fairly constant at 
a low level (Figure 6). 
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Figure 6 Dissolved oxygen contents of the water column during 
decomposition. 
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Figure 7 Trends in pH in the water column during decomposition. 
Similar trends in pH of the water was revealed in all 
treatments where there was an initial decrease followed by 
a steady increase (Figure 7). Similar results were obtained by 
Godshalk & Wetzel (1978a) working on the decomposition 
of aquatic angiosperms. 
Discussion 
Although the significance of temperature in influencing 
decomposition was not unexpected, it was interesting to note 
the magnitude of its effect, for the temperature differences 
were more important than the different salinities. Only 
between O%o and 30%o significant differences were obtained 
consistently. In all treatments steady decreases in dry matter 
were obtained and by the end of the experiment the mass of 
dry matter decreased by 41 OJo in the freshwater treatment at 
24 °C, but by only 17% in seawater at 16°C. These decreases 
would have been due to leaching of materials in solution and 
to decomposition by micro-organisms. As potassium does not 
have a structural role in plants (Bidwell 1979), the rapid initial 
decrease in this element from the leaves is probably due largely 
to leaching. Had oven-dried material been used in this 
experiment rather than fresh tissue, an even more rapid rate 
of initial leaching might have been expected. It has been shown 
(Harrison & Mann 1975; Godshalk & Wetzel 1978a) that 
drying allows a greater rate of initial leaching, apparently as 
a result of damage during the drying process, enabling cell 
contents to become more rapidly dissolved during rehydration. 
It is also possible that damage during drying would more 
readily predispose plant material to microbial attack. 
As this study did not include investigations of the 
decomposing organisms, it is possible only to speculate on 
the effects of environment on microbial action. The decom-
posing organisms were more active at the higher temperature 
(24°C) which is close to the mean air temperature in summer 
41 
in Durban. It has been shown that water temperatures exceed 
air temperatures at Durban (Day & Morgans 1956), although. 
water temperatures to the south appear generally to be below 
air temperatures (Macnae 1963). If it is accepted that air 
temperatures are an approximate indication of water 
temperatures, then decomposition would proceed at a faster 
rate at a time of high temperature, i.e. summer months . The 
lower activity at the lower temperature indicates that 
breakdown is less rapid in the winter months and also in 
estuaries to the south where lower temperatures are 
experienced . 
Failure to detect nitrogen in the water column was not 
surprising as bacteria are usually to be found absorbed on 
to particles rather than in free solution (Ferguson-Wood 1975). 
Rice and Tenore (1981) have observed that for all detritus 
there is an influx of nitrogen from the water column to the 
detrital pool via microbial activity. The increase in nitrogen 
percentage of decomposing mangrove material over a period 
of time has been shown previously and is well documented 
in the literature. Two explanations of these increases have been 
proposed: nitrogen, as microbial protein, increases with 
growing populations of attached decomposers; and extra-
cellular protein, largely as exoenzymes secreted by 
decomposing micro-organisms, is complexed chemically and 
incorporated into particulate detrital material (Godshalk & 
Wetzel1978b). This rapidly growing microbial population may 
explain the initial decrease in phosphorus content of the water. 
It is suggested that phosphorus was withdrawn from the water 
by micro-organisms for use in their metabolism during a 
period of extremely high activity. 
The relatively slow rate of decomposition in this study and 
other effects, such as the levelling off in nitrogen percentages 
towards the end of the experiment, may be attributed in part 
to the decreased oxygen content of the water. The importance 
of both temperature and oxygen concentration in controlled 
rates of decomposition of senescent Zostera marina L. tissue 
has been demonstrated (Godshalk & Wetzel1978c). The con-
ditions under which decomposition occurred in this study 
approach natural conditions within a mangrove swamp. 
Decomposition of leaves begins in water which is often 
saturated with oxygen, at least during daylight hours, but 
high respiration may deplete this supply and cause anaerobic 
or very reduced conditions. Furthermore, within a short while 
after sinking, leaves often become covered with sediment, and 
it has been shown that anaerobic conditions begin just slightly 
below the sediment- water interface (Barnes 1974). 
Another factor that probably influenced the rate of 
decomposition was the fact that this study was not conducted 
in litterbags or similar containers. Even in the high 
temperature/freshwater treatment the decrease in dry matter 
observed in this study was slower than that obtained in an 
earlier field study (Steinke, Naidoo & Charles 1983). In that 
study the decrease was approximately 72% of the original 
mass after 84 days, while in the present trial the greatest 
decrease was 41% after 96 days. Similar results were obtained 
by Odurn & De Ia Cruz (1967) and Godshalk & Wetzel (1978b). 
According to Rice & Tenore (1981), experiments using, for 
example, litterbags reflect processes other than mineralization 
by micro-organisms. This was borne out by the earlier field 
study where the presence of amphipods in the bags and the 
possible loss of materials through the mesh undoubtedly 
contributed to the faster rate of decrease in mass. While 
laboratory work such as reported here, is essential for certain 
critical studies, the rates of decrease do not give a reliable 
indication of those which may be obtained in the field where 
42 
a combination of the effects of physical breakdown and 
microbial mineralization operates. 
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